Abstract: Assessment of the impact on air quality for combustion sources should be carried out using advanced modelling systems with chemical transformation modules taken into account, especially for the facilities characterized by significant emission of gaseous air pollutants (including SO2). This approach increases the reliability of the obtained evaluation results by modelling the formation of secondary inorganic aerosol (SIA) in the air which can substantially contribute to PM10. This paper assesses in this regard selected chemical transformation modules (MESOPUFF, RIVAD/ARM3, ISORROPIA/RIVAD) available in the CALPUFF model (v. 6.42) and its application in the atmospheric dispersion modelling of air emissions from a coal-fired large combustion plant (LCP) not equipped with a flue gas desulphurization (FGD) system. It has been proven that consideration an additional mechanism of secondary sulfate aerosol formation in aqueous phase in the ISORROPIA/RIVAD module (AQUA option) causes a significant increase in the annual average concentration of PM10 in the air compared to the other considered options, along with the calculation variant which excludes chemical transformation mechanisms. Type of the selected chemical transformation module has no significant effect on the results of modelled NO, NO2 and NOx concentrations in the air. However, it can lead to different SO2 results, especially for annual averaged, and in some points, for the hourly averaged concentrations.
Introduction
Evaluation of the impact on air quality is usually done using simplified, stationary dispersion models that do not take into account chemical transformations of pollutants taking place in the atmospheric air or treat these transformations in a simplified manner. The latter can include models such as, e.g. OCDM [1] , CTDMPLUS [2, 3] , ISC3 [4] , AUSTAL [5] , AERMOD [6, 7] , OML [8] or ADMS [9] . Increasingly non-stationary models capable of simulating the effects of time-and space-varying meteorological conditions and allowing for inclusion of more advanced modules of chemical transformations are used to perform more complex modelling of atmospheric dispersion in mesoscale [10] . Among them the most popular are: CALMET/CALPUFF [11] [12] [13] [14] [15] , as well as UAM-V, MCCM, WRF/Chem, CAMx and CMAQ [16] [17] [18] [19] . However, these models are characterized by high requirements associated with the preparation of input data and long calculation time.
Particularly noteworthy is the CALMET/CALPUFF modelling system recommended by the US Environmental Protection Agency for the calculations of atmospheric pollutant dispersion in long range transport (> 50 km) [20] , but it can also be used on a smaller scale when the analysed area is characterized by complex terrain, and variable in its space meteorological conditions [21] . It is possible to use this system to assess the impact of emissions sources on air quality taking into account the available modules of chemical transformations leading inter alia to the formation of secondary inorganic aerosol (SIA). This allows for a more accurate reflection of air pollutant concentrations which are subject to chemical transformations in the atmosphere or are formed as a result of this type of transformations.
This paper presents the consequences related to the execution of the air quality impact assessment for a large combustion plant in a near-field relatively complex terrain, using a variety of chemical transformation modules available in the CALPUFF model v. 6.42. The results of this assessment were compared with the results of calculations obtained without taking into account of these modules, and the results of measurements of pollutant concentrations at air quality monitoring stations.
Earlier studies evaluating the CALPUFF model [22] [23] [24] [25] [26] mainly focused on validation and adjustment of the input settings of the model and used an older version of this model which did not include the latest updates for the chemical transformation modules or the atmospheric chemistry option was turned off. There are also known new works that compare -in this respect -the CALPUFF model with other models [27] [28] [29] [30] [31] [32] or evaluate the application of the CALPUFF model in an urban scale including secondary sulphate and nitrate aerosols [33] . Some of the studies were related to atmospheric dispersion modelling of air pollutants emitted from large combustion plants [22, 23, 26, 27, [34] [35] [36] [37] , but if their authors took into account the mechanisms of chemical transformations, it was only those that existed within the modules: MESOPUFF (MESOPUFF II) or RIVAD/ARM3.
Material and methods

Characteristics of the object of the research
The object of the research was the large combustion plant (LCP) located in Poland, a few kilometers from the Krakow city center. The location of this object within the city, and the location of Krakow in the Malopolska voivodship is shown in Figure 1 . The LCP runs a combined production of heat and power (CHP) using coal as the main fuel. This CHP Plant represents one of the largest industrial sources of dust and gas emissions located within the city of Krakow [38, 39] . On its premises, four cogeneration steam boilers and three hot water boilers are operated with a total installed capacity of 1118 MW e and 460 MW t . For purposes of start-up and stabilization of the combustion process, these boilers are equipped with pressure oil burners with a centrifugal atomizer. Steam boilers are fired not only with pulverized coal but also solid biomass. In the analysed period (year 2012) exhaust gas cleaning system consisted of only electrostatic precipitators (one per boiler), while waste gases were discharged into the air by two stacks with a height of 225 and 260 meters respectively. In 2012, the amount of burned coal, biomass, and heating oil amounted to: 734.2; 168 and 1.3 Gg, and the total emission of total dust, sulphur dioxide (SO 2 ), and nitrogen oxides (NO x ) as nitrogen dioxide (NO 2 ) reached: 700, 6505 and 4178 Mg respectively. Relatively high SO 2 emissions are due to the lack of flue gas desulphurization plant (the FGD system for this facility was started up in 2015). Fig. 1 . Location of the computational domain, the object of the research (LCP), the weather stations, and the air quality monitoring stations
In the assessment of the impact on air quality conducted for the purposes of this study, actual data from the continuous emission monitoring system (emission of air pollutants, and flue gas parameters) for 2012 with 1-hour step was used. This assessment takes into account not only the situations related to the normal operation of the installation but also boiler start-up phases for which pollutant emissions were adopted on the basis of manual measurements. Due to the fact, that the mechanisms of the formation of SIA in atmospheric air take into account both the nitric oxide (NO), and nitrogen dioxide (NO 2 ), the emissions of these substances were evaluated based on the results of measurement of NO x emissions adopting their percentage shares at a 95 and 5% respectively. Total dust grain fractions were determined on the basis of literature data [40] .
Methodology of calculations
Modelling of atmospheric dispersion of pollutants was carried in a grid with a resolution of 200 m in the area of 38 · 26 km covering the whole city of Krakow, and neighboring areas (Fig. 1) . For many years in this region, PM10 air concentrations occur at levels greater than permissible limits [41] [42] [43] . Thus, in locations of air quality monitoring stations, extra calculation points were designated in order to evaluate the potential share of considered plant in the level of measured concentrations, and to determine the differences in this area arising from the application in the modelling process of selected chemical transformation modules.
Terrain and land cover data were obtained from SRTM3 and CLC2006 databases respectively. Spatial data was pre-treated in ArcGIS software and so called pre-processors of geophysical data (TERREL, MAKEGEO) in accordance with the procedure described inter alia in [44, 45] . The results of the observation of meteorological parameters were obtained from multiple sources for the year 2012. A total of 18 surface stations located throughout the city of Krakow and its outskirts (Fig. 1) , and 3 upper air stations (Poprad, Legionowo, Wroclaw) were used.
Variables in time and space, three-dimensional wind and temperature field, as well as two-dimensional field of the microclimate parameters necessary in the process of atmospheric dispersion modelling (PG stability class, mixing height, Monin-Obukhov length, friction velocity, convective velocity scale) were generated using CALMET diagnostic model [11] .
The calculations of pollutant dispersion in ambient air were performed using a multi-layer, multi-species non-steady-state puff dispersion model CALPUFF (ver. 6.42) [12] [13] [14] [15] . They were executed for five variants including disabled chemical transformation option (variant V1), and four scenarios with various modules of chemical transformation of SIA formation (variants V2-V5). These variants differed among themselves via the MCHEM option (selection of the chemical transformation module), and MAQCHEM option (use aqueous phase transformation module), and entered input data (Table 1 ).
In the absence of appropriate measuring data of NH 3 and H 2 O 2 air concentrations in Krakow, the background for these substances necessary in computing process was adopted on the basis of measurements available from other locations. Average monthly concentrations of NH 3 were determined on the basis of data from the continuous monitoring carried out at urban background stations in various cities in Europe [42] , and the average seasonal concentration of H 2 O 2 was adopted based on a measurement campaign conducted in Wroclaw [38] . The calculations also included the background of ozone in the form of 1-hour concentrations recorded in 2012 at one of the air quality monitoring stations in Krakow (Kurdwanow urban background station). ), and the sum of the secondary inorganic aerosol (SIA), as well as the sum of PPM and SIA including fractions below 10 µm (PM10). Calculation results obtained for individual variants were subjected to a comparative analysis in order to determine the significance of the differences existing between considered options. In this analysis, particular attention has been paid to the location of the air quality monitoring station and the results of calculations of average annual concentrations.
Description of considered chemical transformation modules
The following modules were subjected to analysis: MESOPUFF, RIVAD/ARM3 and ISORROPIA/RIVAD, as well as the ISORROPIA/RIVAD+AQUA module with an enabled new mechanism of chemical transformations in the aqueous-phase changing the degree of transformation of SO 2 to sulphates [13] [14] [15] .
The MESOPUFF module (MCHEM = 1) is based on the MESOPUFF II model that utilizes a pseudo first order chemical reactions mechanism describing the conversion of SO 2 into SO 4 2-, and NO x (NO+NO 2 ) into NO 3 -in ambient air [48] . It takes into account the space-time variability of environmental factors such as: concentration of ozone atmospheric stability class, relative humidity, total solar radiation intensity and the plume NO x concentrations. SO 2 and NO x transformations in the night time in the gas phase are described by constant coefficients of conversion implemented in the module while the rate of aqueous-phase conversion of SO 2 to sulphate is parameterized as a function of the relative humidity [12, 47] . Heterogeneous reactions leading to the formation of sulphates are irreversible in contrast to the nitrates formation processes which are reversible because of the equilibrium which is established between nitric acid, ammonia, and ammonium nitrate. Thus, nitrates form unstable forms of aerosol in the air, the stability of which largely depends on local environmental factors and the local chemical composition of the atmosphere. Nitrates concentration in the air is primarily limited by availability of ammonia in the atmosphere which is effectively neutralized by the sulphates present in the atmosphere [48] .
The RIVAD/ARM3 module (MCHEM = 3) assumes that the conversion processes of NO into NO 2 and the NO 2 into NO 3 take place in equilibrium with gaseous HNO 3 and NH 4 NO 3 in aerosol form [49] . To determine the equilibrium between nitric acid and ammonia and ammonium nitrate the reaction mechanism implemented in the model MESOPUFF II is used [12] . In RIVAD condensed pseudo-first-order chemical scheme, the rate of sulphate and nitrate production in gas-phase is estimated by calculating concentration of hydroxyl radical, OH -. Hydroxyl radical is the primary oxidizer of SO 2 and NO 2 . In the RIVAD model a constant speed of heterogeneous SO 2 oxidation is equal to 0.2% per hour. This speed is added to the conversion speed of SO 2 into SO 4 2-in the gas-phase [12] . In the latest version of the RIVAD/ARM3 module used in the CALPUFF model v. 6.4 a correction of an error was introduced that caused the re-evaluation of concentrations of SIA formed during oxidation of SO 2 and NO x . The error was caused by lack of updates of O 3 concentrations in the modelled plume. The problem has been solved by recording the history of O 3 concentrations in the puff. The concentration of O 3 in a given point in time is calculated as the weighted average of O 3 concentrations in the puff from the previous time step, and the background ozone concentration. The adjustment of this error does not significantly change modelling results [13] . In addition to this adjustment, the oxidation processes of SO 2 and NO 2 by the hydroxyl radical (OH -) was optimized, so as to make it compatible with the levels used in modern photochemical and regional models (inter alia such as CMAQ). The RIVAD model assumes low background concentrations of volatile organic compounds (VOC), and is not suitable for carrying out the calculations for urban areas.
ISORROPIA is a model of chemical transformations based on an alternative -in relation to the MESOPUFF and RIVAD/ARM3 modules -mechanism of forming inorganic aerosol in air under thermodynamic equilibrium conditions [50, 51] . Currently it is also used in many of contemporary air quality forecasting models such as CMAQ, CAMx, CMAQ-Madrid, and REMSAD [13] . The ISORROPIA 2.1 model has been implemented in CALPUFF v. 6.4. In this model thermodynamic equilibrium between aerosol-gas phases is determined based on the activity of substances, and the stoichiometric coefficients of the substances involved in the reactions. The mechanism of the chemical reactions included 4 of gaseous substances, 15 liquid substances, and 19 substances in solid state (salts) [51] . The number of substances, and equilibrium reactions in the analysed mechanism is determined by the relative number of aerosol formation precursors (NH 3 , Na, Ca, K, Mg, HNO 3 , HCl, H 2 SO 4 ), and the relative humidity and ambient temperature. The mechanism of the course of chemical reactions, and a method of equilibrium calculation existing between the different substances was based on the R1, R2 and R3 ratios, describing the potential of sulphates formation depending on the qualitative and quantitative presence of precursors of their formation in the air. The R1 ratio was defined descriptively as the "total sulphate ratio", and is calculated as the ratio of the sum of the concentrations: NH 3 , Na, Ca, K, Mg and Na in relation to SO 4 2-concentration. The R2 ratio was defined descriptively, as the "crustal species and sodium ratio", and is calculated as the ratio of the sum of the concentrations: Na, Ca, K and Mg in relation to SO 4 2-concentration. Whereas the R3 concentration was defined descriptively as the "crustal species ratio", and is calculated as the ratio of the sum of the concentrations: Ca, K, Mg in relation to SO 4 2-concentration. On the basis of the value of the defined ratios, 5 paths of aerosol formation were specified, the products of which are different substances in different physical states. In the described mechanism the phase transition from solid to a saturated aqueous solution was determined on the basis of the matural deliquescence relative humidity (MDRH) parameter, which depends on the temperature. A method of determining the MDRH value is described in the work [52] . Research on the ISORROPIA 2.1 model implemented in CALPUFF v. 6.4 in the form of the ISORROPIA/RIVAD module (MCHEM = 6) demonstrated that this module generates from 3 to 10 times lower concentrations of nitrate in solid form as compared to the older version of the model used in CALPUFF [14] . This situation does not concern nitrate concentrations resulting in sub-zero temperatures (-10ºC). A significant drawback of this older version of the model was also the inclusion of the same background levels of ammonia (NH 3 ) in the air for many overlapping puffs. The same ammonia background was used for various puffs thus violating the law of mass preservation. This resulted in overestimation of modelled nitrate concentrations [13] . In order to correct this error in the CALPUFF v. 6.4 model, a post processing using the POSTUTIL subprogram was implemented [53] .
The ISORROPIA/RIVAD+AQUA module (MAQCHEM = 1) takes into account, in addition to the ISORROPIA/RIVAD module (MAQCHEM = 0), a new option of chemical transformations in the aqueous-phase implemented in the CALPUFF v. 6.4 model. Computational algorithms used in this option were adapted from RADM model, based on the mechanism of chemical transformations occurring in the aqueous-phase used in operating models such as CMAQ, CAMx or CMAQ-Madrid [13, 14, 53] . This mechanism takes into account the formation of sulphates on the basis of five chemical reactions, it also allows calculation of the pH value of which the kinetics of the course of some of these reactions depend. These reactions describe the oxidation processes of SO 2 by O 3 and H 2 O 2 , the catalytic oxidation of trace metals present in the air, and oxidation with organic peroxides or with peracetic acid. In the analysed mechanism only the first three reactions are included. In the oxidation reaction of SO 2 with the help of O 3 , the O 3 concentration is calculated by the RIVAD/ARM3 module. A similar solution is used to adjust the concentration of H 2 O 2 under the second reaction taking place in the aqueous-phase. The SO 2 + H 2 O 2 reaction taking place in the aqueous-phase is very rapid and is usually limited by the presence of H 2 O 2 in the air. Hence H 2 O 2 concentration in the modelled puff is decreasing very fast to ultimately -in the absence of the source of H 2 O 2 occurrence in the air -reach a very low or zero level. In the third oxidation reaction SO 2 takes into account the typical background concentration of trace metals (Fe and Mn) in the air [13, 14, 53] . Table 2 shows the highest values of the maximum 1-hour and 24-hour average concentrations in the air of substances under consideration obtained in the accepted calculation area for individual variants. Table 3 shows the results of calculations for maximum and average area values of average annual concentrations.
Results and discussion
According to the data summarized in Tables 2 and 3 , the highest values of maximum 1-hour and 24-hour average concentrations, and annual average of all primary pollutants were obtained at a level similar for the V1, V2, V3 and V4 variants, and in the case of PPM (PM10) and NO x -also for the V5 variant. It should be noted, that these maximums for individual substances may have been present at various points of the calculation area, and in the case of short-term concentrations also at different times which stems among others from the variability in emissions of primary pollutants, and parameters of flue gases in the analysed period.
In principle the type of chemical transformation module used does not significantly affect the obtained calculation results of the maximum and mean values of NO and NO 2 concentrations in air, and their total concentration (NO x ) is obtained at a level that is not much lower compared to modelling results carried out without taking into account chemical transformations. The most reliable in this respect were the results obtained for variants V3, V4 and V5. This chemical transformation modules included in these options take into account the correction of error occurring in the MESOPUFF module (variant V2). This error caused revaluation of nitrates formed during NO x oxidation.
The use of the ISORROPIA/RIVAD+AQUA module in the process of atmospheric dispersion modelling (variant V5) caused the greatest divergence in relation to other variants in the case of calculation results of average annual concentration of PM10, and maximum 1-hour, and annual average SO 2 concentrations. The chemical transformations module in the aqueous-phase implemented in CALPUFF model (version 6.42) intensifies the process of SO 2 conversion into sulphate forms. Disregarding this effect in the process of atmospheric dispersion modelling, it still contributes to the overestimation of calculation results of SO 2 concentrations (to varying degrees depending on the time averaging), and significant underestimation of the level of average annual concentration of PM10 in the air. Table 2 The highest values of maximum 1-hour and 24-hour average concentrations in the air, obtained within the assumed computational area for particular variants
Air pollutant
The In case of SO 2 in variants V1-V4 compared to variant V5, the overestimation of the highest values from the maximum 1-hour, and annual average concentrations was obtained by about 17-19%, maximum 24-hour average concentrations by about 2%, and the annual average concentrations in the modelling domain up to approx. 109-111%. At the same time in variants V1-V4 we could observe from 7 to 10 times lower maximum and average annual area concentrations of PM10 compared to variant V5. The disproportion between the variants V1-V4 and V5 in terms of the highest values from the maximum 1-hour and 24-hour average concentrations of PM10 were already much lower, and amounted to approx. 4 and 9-10%. To some extent this was due to inclusion in the calculation of atmospheric dispersion of the boiler start up phases (after a long downtime) characterized by a significant, several hours long increase in PM10 emissions in relation to the normal operation of the boiler, and resulting in episodes of momentary high concentrations of PM10 in the air with a small share of SIA. On the other hand, discrepancies obtained for the various variants in terms of mean concentrations of SO 2 and PM10 in the air should be regarded as extreme due to the adoption of a relatively high NH 3 background and disregarding its use in the reactions taking place with involvement of SO 2 originating from other emission sources. Figures 2 and 3 show spatial distributions of the average annual concentrations of PM10 in the air at ground level obtained for variants V1 (PPM) and V5 (PPM+SIA). These figures show that inclusion of the ISORROPIA/RIVAD+AQUA chemical transformation module resulted not only in significant increase in the average annual concentrations achieved in the results of PM10 atmospheric dispersion modelling but also change of the position of the maximum values of these concentrations. The average shares of secondary nitrate and sulfate aerosols in a total concentration of SIA and in relation to the average concentration of PM10 (PPM+SIA) obtained for the various variants of calculations in computing receptors grid are given in Table 4 . The observed increase in the average annual concentration of PM10 in air in variant V5 is therefore due primarily to the intensification of the formation of secondary aerosol sulfate in the aqueous-phase taken into account in the ISORROPIA/RIVAD+AQUA module. In the case of average-area annual average concentrations in this variant, the sulfate secondary aerosol represented approx. 99.2% of total SIA mass, and approx. 89.4% relative to the sum of the PPM and total SIA masses. A similar share of secondary nitrate aerosol was much lower and amounted to 0.8% of SIA, and 0.7% of PPM+SIA respectively. It should also be noted that in the variants V4 and V5 associated with use of the ISORROPIA 2.1 model, a significant reduction in the annual average concentrations of secondary nitrate aerosols was obtained in comparison to variants V2 and V3. This is due to the elimination in the ISORROPIA/RIVAD module of the phenomenon of overestimating their concentrations typical for MESOPUFF (variant V2) and RIVAD/ARM3 (variant V3) modules [15] . The average share of secondary sulphate and nitrate aerosols in the area-average annual mean concentration of PM10 (as the sum of PPM and SIA) has reached in variant V5 the level of 90.1%. Along with increasing distance from the analysed large combustion plant this share was slightly increasing relative to this average value, especially in the areas to the east and west of the analysed large combustion plant, i.e. along the dominant wind directions. Thus, the SIA formation should not be disregarded in assessing the impact on air quality especially in the case of those sources of emissions of which emissions of precursors of secondary inorganic aerosols (mainly SO 2 ) is present at significant levels in relation to the PPM emissions.
This phenomenon is further illustrated in Figures 4 and 5 , showing the results of modelling of annual average concentration of pollutants achieved for each calculation variant in location points of three selected air quality monitoring stations (Krakow -Nowa Huta, Krakow -Aleja Krasinskiego, and Niepolomice). The analysis of wind roses at computing altitudes from 20 to 160 m presented in the paper [38] , and averaged for the Krakow region for the year 2012 leads to the conclusion that these stations during the analysed period remained under significant influence of emissions from the industrial plant in question. Just as was the case in many other points of modelling domain for variant V5, a more intense formation in the air of secondary sulphate aerosol was obtained, resulting in a significant increase in the average annual concentration of PM10, and a decrease in annual average concentration of SO 2 (Fig. 4) . This effect was relatively best reflected in the case of the calculation point designated in the area of Niepolomice station located approx.
15 km east of the facility in question. In the case of average annual concentrations of NO, NO 2 , and NO x similar results were obtained for all analysed options (Fig. 5) . Table 5 shows the extreme impact of the CHP plant in question on the state of air pollution in the vicinity of the location of the above-mentioned air quality monitoring stations in the form of the modelled maximum 1-hour average concentrations of PM10 (PPM+SIA), SO 2 and NO x . This table also includes the results of calculations of these concentrations obtained for the two urban background monitoring stations (KrakowKurdwanow, and Skawina), as well as selected results of measurements of maximum 1-hour concentrations, and annual average concentrations of various substances registered at all considered monitoring stations in analysed year. The results of calculations presented in Table 5 indicate that at the location point of air quality monitoring station Krakow -Kurdwanow and Skawina as a result of modelling a very low maximum 1-hour concentrations of dust PM10 were obtained in variants V1 (only PPM) and V2, V3 and V4 (PPM+SIA). By contrast, included in variant V5 was the mechanism of secondary sulphate aerosol formation in the aqueous-phase, which resulted in a significant increase in the maximum 1-hour average PM10 concentration in the air calculated in the area of these stations in relation to the results obtained in other variants (10 to 20 times, depending on the reference variant). For the calculation points located in the vicinity of location of Nowa Huta, Aleja Krasinskiego, and Niepolomice stations, already much smaller increase in the maximum 1-hour average PM10 concentration in variant V5 was obtained in relation to other variants (by approx. 18, 23, and 33% respectively). In turn a certain reduction in maximum 1-hour average SO 2 concentrations in variant V5 has occurred only for Krakow -Nowa Huta and Niepolomice points. No significant changes in the results of calculations of maximum 1-hour average NO x concentrations in the air after taking into account the chemical transformation modules were observed at calculation points designated in the vicinity of the monitoring station locations.
Conclusions
The evaluation of the impact on air quality of a group of emission sources through the use of the advanced CALPUFF models of atmospheric dispersion can be carried out with or without taking into account the modules of chemical transformation of pollutants in ambient air. The application of these modules requires the introduction of additional data as a NH 3 , H 2 O 2 , and O 3 background in the air (preferably at the highest spatial and temporal resolution), and such data are not always available for the given modelling domain, and their possible designation using photochemical models is time consuming and can be highly biased.
In the CALPUFF version of the model used in this work (v. 6.42), modules have been implemented allowing for good reflection of the mechanism of secondary inorganic aerosol formation under thermodynamic equilibrium conditions, and chemical transformations occurring in the aqueous-phase. These types of modules are used in many of contemporary air quality forecasting models, e.g. CMAQ, CAMx or CMAQ-Madrid. However, depending on the choice of chemical transformation modules available in the CALPUFF model, it is possible to obtain different results of atmospheric dispersion modelling especially in terms of PM10 and SO 2 concentrations in the air.
In calculations of the spread of pollutants in the air by CALPUFF model v. 6.42 performed for emission sources that emit large quantities of SO 2 it is recommended to use ISORROPIA/RIVAD+AQUA chemical transformation module (MCHEM = 6, MAQCHEM = 1). It is clear from these type of calculations carried out for the coal-fired CHP plant not equipped with FGD system (with annual emissions of particulate matter, SO 2 , and NO x remaining in analysed period in a ratio of 1:9:6), the use of this module significantly increased PM10 concentrations (including SIA), and decreased SO 2 concentrations in modelling domain as compared to computing variants based on other available modules of chemical transformations, and the variant disregarding chemical transformations. The scope of these changes was strongly dependent on the position of the computing receptor in relation to the emission sources (distance, wind rose sector), and the type of concentration (averaging time). Maximum disparity was obtained for annual average concentrations, and in some points also for the maximum 1-hour average concentration of PM10. In extreme cases disregarding chemical transformations modules resulted in up to 20-fold underestimation of the calculation results of these concentrations compared to the option in which the ISORROPIA/RIVAD+AQUA module was used. A significant impact on the calculated concentrations of SO 2 and PM10 in the air has a mechanism of formation of secondary sulphate aerosols in the aqueous-phase included in the above mention module. The use of this module in atmospheric dispersion modelling of pollutants, emitted from the analysed large combustion plant, caused the average (for the modelling domain) content of SIA in PM10 amounts to approx. 90.1%, and the secondary sulphate aerosol alone to approx. 89.4%.
The selection of chemical transformations module does not greatly affect the results of modelling of NO, NO 2 , and NO x concentrations in the air. However, the use of modules based on the ISORROPIA 2.1 model (MCHEM = 6) allows for elimination of the phenomenon of certain overestimation of secondary nitrate aerosol concentration typical for inter alia MESOPUFF (MCHEM = 1) and RIVAD/ARM3 modules (MCHEM = 3).
If the modelling of atmospheric dispersion of pollutants emitted from large combustion plants is carried out without regard to chemical transformations leading to the formation of secondary inorganic aerosols, it can lead to erroneous conclusions in terms of the assessment of the impact on air quality of the given plant (especially in the case of high SO 2 emission). The analysis of discrepancies obtained in this regard requires further study taking into account the variability of emissions of fine particulate matter, SO 2 , and NO x and background air concentrations of NH 3 , H 2 O 2 , and O 3 .
